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SUMMARY 

A design for an electric drive for the Ml 13A2 based on available state-of-the-art components 
is proposed. The proposed electric drive has a s|>ecifie weight of about 9 Ib/hp. Efforts were 
made to make this estimated weight as realistic as possible; auxiliary components such as field 
supply, cooling system, braking resistor, and controls account for 1 Ib/hp and miscellaneous 
items add another 0.44 lb/hp. 

As proposed, the vehicle design for the M113A2 meets the standard military requirements 
and is capable of 40 mi/h and a maximum sprocket torque of 17,000 ft-lb. It has no separat«- 
water propulsion system; however, a water propulsion system powered by the alternator can be 
added without disturbing the land propulsion system. 

The drive train consists of a Detroit Diesel 6V-53T engine, a Westinghouse 500-kVA alter- 
nator, an air-cooled rectifier, and, on each side, a GE 90-hp d.c. drive motor driving the track 
through a Funk two-speed gearbox which is coupled to the existing final drive. The field ex- 
citation for the drive motors is supplied by a Bendix 48-V brushless d.c. generator driven by 
the vehicle engine. 

The layout of the major components is similar to the standard Ml 13. The engine remains in 
the same place and drives the 500-kVA alternator with a belt. The alternator is mounted in 
place et the existing transmission. The two drive motors and gearboxes will replace the existing 
differential. 

The operator controls appear to be conventional to the operator. They are accelerator, brake, 
shift, and steeling wheel. However, control is accomplished by the use of a micro-computer. 
Operator inputs, as well as other inputs from the vehicle, are fed into the computer which then 
sets the proper engine speed, generator voltage, motor field, etc. The vehicle is capable of 
regenerative steering and has both electric resistive braking and hydraulic disc brakes. 

Specific weight reduction opportunities are identified that could reduce the weight of the 
proposed system by 1.1 ib/hp. Additional areas of technological development that would be 
likely to yield further specific weight reduction are discussed. 
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DESIGN AND INTEGRATION OF AN ELECTRIC TRANSMISSION IN A 

300-HORSEPOWER MARINE CORPS AMPHIBIOUS VEHICLE 

I.   INTRODUCTION 

1. Background. This report summarizes a MERADCOM preliminary design of an 
electric-drive demonstrator using an Ml I3A2 as a surrogate for a new Marine Corp* Amphi- 
bian. The work was funded by the Marine Corps Programs Office at the David W. Taylor 
Naval Ship Research and Development Center as a part of their exploration of alternative 
drive trains for future amphibious vehicles. 

2. Scope. It is worthwhile to discuss the scope of this effort and its relation 
to an earlier competitive solicitation for the development of an electric-drive train. Our effort 
was relatively compressed in time and limited in the scale of the investigations. Considerable 
emphasis has been placed on experience, engineering judgment, and even intuition in arriving 
quickly at a design we believe will meet both the Marine Corps near-term goal for 
demonstrating the performance of an electric drive and offer significant opportunity for per- 
formance growth. At the outset this investigation was limited to a.c. generators and d.c. drive 
motors. Furthermore, the water propulsion aspects of the competitive statement of work has 
been eliminated from consideration, although such a requirement is fully compatible with the 
approaches considered. 

The work was done during the fall of 1982. Our thrust was to locate state-of-the-art 
components and to combine them into an electric-drive design that would meet the Marine 
Corps goals for performance, light weight, and low space claim and that could be built and 
tested in the immediate future at a moderate cost. The effort was structured this way to em- 
phasize development of electric-drive-train technology as a whole. The initial demonstration 
would establish the capability of satisfying the Marine Corps near-term goals with an electric 
drive. It would also provide information needed to guide the electric-drive technology develop- 
ment needed to realize potential improvement in performance. 

II.   INVESTIGATION 

3. Requirements. The initial requirements for the Ml 13 vehicle were as follows: 

Gross Vehicle Weight: 28,(KK) lb. 

Tractive Effort to Weight Ratio: 0.89 (25.00(Mb tractive effort). 

Engine: 6V-53T. 300 blip @ 2800 r/min. 

In - -l ' I ' 1 *.«1 '' ii   •   •  •      r 
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Rolling Resistance: Assume 1200 lb constant. 

Gradahility: 60% longitudinal: 40% transverse. 

Maximum Speed: 45 mi/h on land (788 r/niin on a 9.6-in. rolling radius). 
10 mi/h in water (45(H) lb thrust). 

Sprocket Torque: 10.000 ft-lb j»er side. 

Steering: Fully * ariable. fully regenerative. 

Braking: 16 ft/s1 dynamic, static for 60% grade. 

Acceleration: 0-20 mi/h in 5 s. 
0-15 mi/h in 45 s. 

Life Cycle: 2400 h at specified duty cycle. 

Weight: ?,000 lb or less. 

Efficiency: 200+ sprocket horsepower available over 90% of the speed torque range. 

Environmental: -25° to +124° F; 10% to 100% humidity. 

Based on observations made at the GE, Dalton, Massachusetts« Test Track, instructions from 
the Marine Corps were to decrease sprocket torque and maximum speed to 8500 ft-lb per side 
and 40 mi/h for purposes of this investigation. 

In addition, the water propulsion requirement was eliminated for this investigation. 

Four of the most  severe operating conditions  were added to the requirements  as 
specific cases. These are: 

a.  Low Speed, Straight Ahead, 60% Grade. 

Left Sprocket Right Sprocket 

-r 40 r/min 

+ 6200 ft-lb 
+ 47 hp 

+ 40 r/min 

+ 6200 ft-lb 

+ 47 hp 

•. 
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b.  High Speed. Straight Ahead. 0% Grade. 

b»f- Sprocket Right Sprocket 

+ 750 r/min 

+ 850 ft-lb 
-4-120 hp 

+ 750 r/min 

+ 850 ft-lb 
+ 120 hp 

e.  Low Speed. Clockwise Pivot Turn in Soft Soil. Q°7o Grade, 

lieft Sprocket Right Sprocket 

+10 r/min 

+ 9000 ft-lb 

+ 17 hp 
•10 r/min 

-<XMM) ft-lb 

+ 17 hp 

d.  High Speed, Clockwise Turn, 0% Grade. 

Left Sprocket Right Sprocket 

+ 770 r/min 

+ 2000 ft-lb 
+ 293 hp 

+ 740 r/min 

-800 ft-lb 
-113 hp 

4. Drives Considered. Two systems will be discussed, one using three motors per side 
driving through a combining gear and the other using one motor per side with the two motors 
mounted one above the other in the front center of the vehicle in pla'.e of the differential steer- 
ing unit. The two systems are shown in Figures 1. 2. and 3. 

5. Description of System. All major components of the electric-drive system and their 
interconnections are shown in Figure 4. The system consists of a diesel engine driving, through 
a speed increaser, one alternator. The output of the alternator is rectified in a three-phase full- 
wave rectifier, and ihe d.c. output of the rectifier is fed to the motors via a two-position switch 
such that the motors can be connected to the braking grid. The broken lines from components 
to the control box denote control lines for the most important control functions. These func- 
tions are engine speed, alternator field current, motor field currents, gear shift, and dynamic 
braking. All control power is supplied by the battery and battery charger, and motor field 
power is supplied by a small generator which is belt-driven from the engine. 
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6.  Description of Component»». 

a. Engine. The engine is a Detroit Diesel. 6V-53T, eapahle of delivering 300 hhp 

at 2800 r/min. 

b. Alternator. In order to demonstrate eleetrie drive for a tracked vehicle at reasonable 

cost, great emphasis has been placed on selecting components on hand or in regular produc- 

tion. For the safetv of personnel it is desirable to keep the system voltage at a level as low as 
possible. However, the lower the voltage, the higher the current will be. In both designs to be 

discussed, maximum motor current will be 1000 A or a total of 2000 A in order to get 

17.000-ft-ll» total sprocket torque. For three motors per side maximum voltage will be 300 \'} 

and for one motor per side it will be 120 V. 

The alternator selected for the demonstrator is a 500-k\ A Westinghousc alternator 

of the same type as that used in the Ml 13 demonstrator made by the FMC (Corporation. This 
alternator is on hand at MERADCOM. and recent tests at MERADCOM show that it is capable 
of delivering 2000 A at 4000 r/min. which corresponds to 1250 r/min engine speed. The alter- 

nator wil' he belt-driven as in the FMC demonstrator (SAE Paper No. 690442. May 1969). The 

weight of this alternator is 430 lb. 

For future electric-drive systems, a weight saving of 280 lb ran be realized by 
using two Bendix type 28B329-1 brushless alternators. This alternator is ati oil-cooled 

150-kVA machine (see Appendix A for description). For this application the machine could be 

wound for half the usual voltage, which will double its usual current capability. The two alter- 
nators would be driven through a speed-increasing combining gear box and mechanically ar- 

ranged so that their phase voltages will add arithmetically. The system could still be used as a 

400-Hz mobile electric power plant with the standard output of 120/208 V. when the phases in 
the two machines are series-connected. 

e. Reetifier. The rectifier is a three-phase full-wave bridge and there are three 
choices of units: 

(1) Foreed-air-eooled. The Westinghouse PDA7R7SOI6 in a three-phase full- 

wave bridge arrangement can supply in excess of 2000 A if 60° C or less inlet air is delivered 
over the heat sink at 500 lin ft/in in. A straightforward arrangement of these assemblies would 

be about 18 in. wide by 15 in. high by 7 in. deep and would weigh 50 lb. Required airflow 
would be about 400 ft3/min. Air duets and cooling fans will IM* required in addition. 

{2) Natural Convection Cooling. The Westinghouse PDA9R9G022 is a typical 
natural convection air-cooled assembly. These assemblies are rated at 2000 A in ambient air at 

55° C. \n arrangement of these assemblies would occupy a space 32 in. wide by 18 in. high by 

7 in. deep and would weigh about 1 10 lb. 

•••••l^-v. ,.•-.••,...-... 
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(3) Water-eooled. \Ye>tiughou>c IM>\\7R720 a»Hmblie« are sufficient in delixer 

in excess of 30(H) \ with a cooling water flow of I gal/niin per a>senihl\ |3 gal/iuin total} at 

40 (. inlet temperature. The basic a»emhl\ would mvupy a space 18 in. wide h\ 12 in. high 

liy 6 in. deep and would weigh ahout 25 II». 

A modified >trueture eould he reduced to 18 in. In 9 in. b\ 6 in. \ eo<dant 

distribution manifold, pump, heat exchanger, and fan (or flow in«; air! are a IM» required. The-e. 

with the coolant, would add an additional 30 lit In the rectifier >\>tem weight. 

A natural convection unit is recommended for the deinon-trator for simplicity. 

d. Drive Motors. The fir>t approach was to use three (iK model 5BY40]\5 

motors per side, mainly due to MKRADCOWs experience with this motor and because five 

were on hand. The motor is rated 40 lip. 8000 r/min. 96 V. 343 \ continuous duty. \ series of 

tests performed in 1969 at the (ill plant. Erie. Pennsylvania. established short lime rating. 

Results of the (iK tests show that the motor i> capahle of 100-ft-lh shaft torque for I minute 

(Appendix B). To get 8500-ft-lh sprocket torque from a three-motor drive assembly, a total gear 

ratio of 28:1 is required. It was decided to ohtain this ratio with a 2.8:1 combining wear for the 

three motors, a 2.5:1 planetary gear which can he shifted to a 1:1 ratio, and the present 4:1 

final drive. Estimates of size, weight, and volume for the gear ealculalcd by l)a\id P. (iui- 

mand are in Appendix C. (JEAR DESIGN CALCl "LATIONS. Kstimated size and weight of 

one unit consisting of three motor and the gears will then he 26.4 in. long, maximum width 

18.6 in., and total weight 574 lit (see Figure 1). When we contacted GE. we learned that the 

BY401 motor is no longer in regular production hut eould still he manufaetured at substantial 

cost. However, a new line of d.e. motors for electric cars and fork lift trucks i> now being 

manufaetured. One of these motors, the B12378. was selected for a final design. This motor is 

a 90-hp. 5200-r/min. 120-V. 611-A maehine capable of 500-ft-lb shaft torque for 10 min and 

120-hp for 30 min from a eold start. Computer runs were performed at <»K lor eight different 

shunt field voltages giving shaft torque, revolutions per minute, horsepower, and efficiency as 

a function of armature current (Appendix I)). Using these data, the vehicle performance can be 

estimated. 

Several distinct advantages are obtained by using this motor compared to the 

BY40I motor: efficiency is higher. 91.6 percent compared to 86.2 percent: maximum voltage is 

120 V. where 300 V would be required for three BY 401* in series: mounting is more easily ae- 

eomplished: and there w ill be more room for the brakes. Figures 2 and .'} show the mounting of 

the two motors and associated gears. An additional advantage when the arrangement shown is 

used is that the end bells of the two motors and the housing of the first reduction gear can be 

made one casting and thus contribute to a very solid unit. 

'• 

'   * '.'     . 
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The total jicar ratio will in tlii— ca-»e he 20:1 in low and 7.1:1 in hiji.li «rear. 

Total weicht per side for motor and «[rar* will he 675 II». lurked on 180 II» for gear* estimated 

In Funk Manu fact iirin<r (lompanv. (JE wa> contacted for an estimate of cost and dcliverv time 

and hoth are \erv rcasonahle. Ilcndix was also contacted hut onl\ for the >mall motor similar 

to the (iK UY 101: the\ quoted a suhslantial cost for development and deliven of -ix motors 

(see Appendix A). 

Kxeitation power for the motors will he delivered from a hrushU'ss d.e. «iciieralor. 

This generator is a type 30BI 10-0 machine presently heilig manufactured h\ Bendix: this 

generator must he modified to produce an output of 18 V and 200 V when drneii at 1000 to 

10.000 r/min. The weight of the generator is  15 II» (see Appendix K for descriptions). 

II!.   DISCI SSION 

7. Vehicle Performance and C.ontol. (Calculated \ehiele performance is shown in 

Figure 5 and is derived from the computer runs lor the motor and short time ratings for the 

alternator. Willi 270 hp available from the engine and a»» estimated efficiency of 60 percent to 

75 percent (the low < ffieiencv is at low speed only). 200 hp can he delivered to the tracks from 

approximately 7 mi/h to 40 tiii/h. hut lime will he limited to 30 minutes. Assuming 88 percent 

efficiency of the gears. 160 hp can he delivered continuously ahove 8 mi/h.. 

(Control of vehicle speed is accomplished hy control of engine speed, alternator field 

current, motor field current, and «rear hox ratio. When the vehicle i> started from a dead strip, 

three things must happen simultaneously to ohtain sufficient motor torque to get it rolling. 

These are: increase of motor fiehl current, increase of engine speed, and increase of alternator 

field current to generate enough voltage to produce a motor armature current which, in eom- 

hination with the motor field, will create the required motor torque. 

As an example, if maximum sprocket torque of 17.000 ft-lh is required, the motor 

field voltage must he increased to 48 V resulting in a fiehl current of approximately 100 A. 

engine speed must he increased to 1250 r/min which will increase the alternator speed to 4000 

r/min and in comhination with increasing the alternator fiehl current to 5.2 A. will result in 

1000 A of armature current in each of the two motors. The ahove-mentioiied numhers are the 

result of actual testing performed at MKRADCOVI with the 500-kVA alternator using a fixed 

resistor to simulate initial motor load (see Appendix Y). Referring to the (JE computer run (Ap- 

pendix I)) for 48 V on the motor fiehl and 1000 A armature current, the motor torque will he 

433 ft-lh and the total result in low gear will then he 433 ft-lh x 20 ratio x 2 tracks = 17.400 ft- 

lh. After this initial startup, increase in speed is accomplished hy decreasing motor field 

voltage and increasing alternator voltage output: this will necessitate an increase of (lie engine 

speed. 
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Vgain relVrrin«: t<» I Hi* OK ««»mpuh-r rim-, lull motor sp«*«*«l will IM* reach«»«! when 

motor field voltage i- «l«*«r«*as«*«l to approximate]*. 12.) Y. In low <r«*ar maximum motor speed 

results in I.Vnii/h vehicle slice« I: to further inrrras' sp«*«'«| tin* gear must In* shift«'«! to Itijjli. 
Maximum motor speed will then r«*»uli in 5200/7.f = 70(1 r/niin >pro«k«*t >pe«'«l or 10 mi/h \«*hi- 
«!«• spe«'«l. 

If hijili starting tonpi«' is not r«*«piir«'d. tin* vehicle «an In* run through the speed 

rangt' in Infill gear, total starting lonpu' would then he 2 x 7,1 x Y.Y.i = 6J00 ft-li». or total Irae- 

tiv«' effort of 8000 II». Referring to Figure .">. any power nirve cuii he follow«*«! through the 
speed range according t<» the operator- wish, Maximum performance is 200 hp to the tracks, 

hut is th«M»retiealh time limit«'«!. as uot«'«l in Figure 5. In practice, tliis- limitation might he 

disregarded since it is uutikelv that a condition will he i'neounter«'<l where full power will he 
r«'«piire«! for M) iiniiiterrupteil minutes. H«'low the 160-hp curv«* an«! ahme 8 mi/h. vehicle 

operation ir« continuous, Low speed, straight ahead on 60 pen-cut grade reuuires a total of 
12.400 ft-lh spr«»ek«'t t«ir«pi«'. This r«'«piirement is well within the «Irive system's sln»rt term 

capahilily. hut time-limited »»[»«'ration will apply. The r<*<purement f«»r high sp«'e«l. straight 

ahead is 120 hp per -i«!«' with a spmek«*! spe«*d «»f 730 r/min. Sin«-«' maximum sprocket sp«'«*<| 

for this in vest i «ration is 700 r/min. (lie h«»rse|;«»wer r«'«piirement will he 112 hp per side. 

However, with 270 hp availahle for traction, an effieieiiev of 83 percent wind«! he required to 

transmit a total of 221 lip to the tracks. With a maximum estimate«! effieieiiev of 75 percent 
tin- requirement cannot he met. 

Vehicle >t<'«'ring i- accomplished by control «»I th«' motor fiehls. and sl«'«'ring control 

will he conttifiioiislv variahl«' with r«'g«*nerativ«' transler «if eiiergv from on«' si«l«* t«» the oilier. 

When, as an example, a sharp right turn is required, the field on the right mot«»r must he in- 

creased to fore«' the motor to »low down. At th«' same tiine. tin* field on the left motor is de- 
creased ami th«- left motor will try to increase in >p«'«'«|. The right motor then g«*ts into tin* 

generating mode supplying p«»w«T to the lieft motor and. in doing so. holding hack on the right 

tra«k while th«' left motor will speed up tin* It'll lra«k and tints force the vehicle into a right 
turn. 

The field current to tin* tu<» motor- i- -upplied from the licmlix «I.e. g«'uerator 
through two high-current swiU'hing transistor p«»w«'r supplies, which are controlled h*. the 
mien »-com | >u I «r with inputs from the «"perator's conln»!-. 

High-speed turn- r«'«piire power deliver*, t«» tin* outer motor greater than the engine 
can deliver. However, with tin- regenerative transfer < -apahilitv the inner m«»tor operating in the 
generator mode will supply the difference. One «»f th«' original reipn rein« »ills i- a high-speed, 

«•fuckwise turn, requiring 203 h|» to th«' hit sprocket at 770 r/min sprocket speed and I 13 hp 

Reiterated hv the right -procket motor at 7 in r/min sprocket -peed. Sine«- top sprocket speed i- 

700 r/min. the required power will he 203 x 700/7~0 = 206 hp ami 103 hp geiierah'd. \c- 

»•ording to the i,\] «•omputer run. (hi- is within the capal»ilil\ of the motor. 
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Pivot «leeriu» i- accont pushed l»\ rever-in» llu* field mi one of llu- motor«. 

Tin- iw|iurc§tietll lor a t»t\<it turn i« + *MWH) fl-lh to one sprocket ami -WOO fl-lh to th«' other. 

this is mon' than tin- H">(M) fl-lh per -ide agreed upon hut will he within the capahililv of ihr 

-v>(rm. 

Dynamic hrakin» is accompli-hcd li\ connecting tin- motor« to a l>rakin» grid ami 

applying excitation. Tin- motor- will linn generate power whirl» will lie di--ipated in I lie brak- 

ing grid. Sim«- ihr motor evcilation i« ino!i\ idnallv controlled, steering w ill function normal!». 

K. Operator Controls aiifl Function*. Tin' control -v»tem will con-i-t of operator input 

control-, a digital processor, analog output controller«, ami vehicle parameter feedback«. \ 

Mock diagram of the bas-ir control function- i« shown in Figure (>. Tin- processor itself. 

operator control hardware engine controller, and software routine- in common with the 

hvdro-latic effort will he purchased frniii Southwest Research. Inc. The analog controller- ad- 

ditional programming and hardware. assembly, ami debugging will he done by M KK VIM .i >M. 

Function- of the operator control are discussed helow: 

a. Accelerator. Sets desired \ehiclc speed. Signal will he compared to actual 

\chiclc -peed ami accelerated at a rale proportional to the difference. Initiation of acceleration 

consists of increasing engine «peed, alternator field current, ami motor field currents, followed 

by a decrease of motor field to inerea-c -pied. 

b. Brake. Override- accelerator. First part of hrake travel will acti\ate proportional 

dynamic braking, further travel will pickup the hydraulic disc hrake«. via a master cylinder. 

r, Steering. Sei- a desired track speed differential, which i- accompli-hcd h\ 

iliverseh adjusting the motor field current-, Neering response should he «low on center and 

faster toward end stops. Phot steering hecome- available toward the end -top>. 

(I. Selector Function«— H IN H I). Rcver-t—allow- operation in low »car only in 

rever-e direction: will he inhihited if vehicle lias forward velocity. Neutral—engine -peed con- 

trolled I" accelerator position: alternator field disabled; -leering and braking linn lion- nor- 

mal: manuaiiv applv hvdraulic hrake to park. High—allow- operation in lii«h »car oulv* will 

he inhihited if vehicle has rever-e velocity. Drive—allow- (»petalion in low »ear under 15 mi/li: 

automatic -hilling al  1.1 mi/h. 

1.1 
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9.  Weight Estimates. Estimated weight» are in the following table 

Weight Estimates 

Component 
Weight 

(IN 

Total 
Number Weight 
Required (II.( 

i 430 

1 95 

1 11 > 

2 990 

1 45 

1 90 

2 360 

2 440 

1 75 

2635 

132 

2767 

Alternator 

Belt Drive 

Rectifier 

Drive Motors 

Motor Field Supply 

Controls 

Gears 

Final Drive 

Braking Grid 

430 

95 

110 

495 

45 

90 

180 

220 

75 

Misc. Cables. Blowers, ete. 5 percent 

Total Proposed 

Lightweight option: 
Oil-cooled Alternator and Rectifier 2430 
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10.   Potential   Wei«»ht   Savin«;*.   Tin    »pccili«-   w, i»hi   ol   ihr   «wfein   a-   proposed   i» 
(h'2 Ih'hp.   I here air several wav« in which lhi> specific wet<;hl mijihl lir reduced: 

a. Replacement of ihr proposed alternator with ihr Iwn hi»h—peed oil-coo led 

machine* discussed rarlirr ami «election of ihr lightweight fluid-cooled rectifier option will 

sm* :W5 Hi. or  1.1   Ih/hp. 

I». (.omponenl Icchnolo^ rar« IM- impimcd. Our could develop hijjher sneed motors 

with a liki l\ >a*in» of T."> II» anil a -in»lc hijrh-specd alternator »axiii». perhaps another 2.~> Hi. 

(!oml>iued. the«c developtneiif» would viehl anollirr l/.'i-lli/hp «avinji. One ol 'ihr heavie»! com- 

ponent.« where weijjht savinjis itiav l»r po»ihlc i* ihr »raring. The proposed s\*lrm wei^hl in- 

cludes HI*') II» of «ears. Il seeiM> worthwhile from a «\>leiu point of view to integrate ihr motor« 

an«l «irar- ami to develop lightweight «ear tecluiolop. We ha\r not estimated ihr weight «av- 

in«> from »nrh effort«. 

r. One can develop heller overall electric-drive teehnolo<:v liv identif\ in«*: opportunities 

for weijjltl and volume «avin«:s during developmental te>lin<; of llie demonstrator. Ihr 

demonstrator. a> proposed, will yield important data on the performance «if the electric dri\e 

under computer control in the varietv of operating conditions which the amphibian will en- 

counter. It i> likelv that these data w II advance electric-drive Icchnolo^v liv providing im- 

proved «pecif ication« and requirement« for «v«tem engineer in«:. 

i I   i -•'- •---•-•' • - •- 
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API'KMMX A 

BKNMX BRISHUvSS GENERATOR. TYTE28B329-I NX. 

DESCRIPTION. 

A single-bearing generator, ihe 28B32(J-1 is designed lo share a hearing will) a constant 
speed drive and In utilize the drive's nil for cooling. The generator boll«. dircclU In the drive, 
and integration involves the matin«!; of the drive spline and oil-in. nil-mil ports. 

A complete All nuiehine. the 281132*^-1 is extremely lightweight. Il weighs only 75 II». yet il 
earries an output rating of 150 kV'A. ami has full overload capabilities. 

Similar to other Beiidiv IDG generators, ihe 28B329-1 utilizes I »nth conduction and oil-mi-I 
spray cooling techniques to provide optimum heal transfer characteristics. 

Cooling. Cooling oil from the drive enters the generator al ihe matin»; flange interface where il 
fines through a short connecting channel and then into a scries of grooves in ihe housing. 

The grooves surround the generator stator core which is shrunk into the machined hore of the 
housing to form a channel through which the cooling oil flows. 

Oil flow through the channel is turbulent and it contacts all surfaces of the channel in- 
cluding the stator core to provide optimum heat transfer. 

The oil (hen leaves the stator cooling passages, and flows through a cast-in channel lo the 
anti-drive end of the generator. Here, a small amount of oil is mete red through a clearance to 
first lubricate the hearing and then lo spray the permanent-magnet generator. 

Must of the oil enters the rotor through a hollow generator shaft where it proceeds towards 
the drive end. Metering orifices in the shaft provide a means of distributing the cooling (»il in 
the proper quantity and in the right places lo do an effective cooling job. 

The first orifice discharges a jet of oil into the rotating diode heal sink area to remove heat 
from the diodes and then to spray and cool the exciler armature. 

17 
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The oil in ihr shaft next is iiielered ihrou^h orifices at ihr main jienerator rotor where it is 

first distributed over ihr rotor winding ami ihrn sprayed ovrr ihr stator rilrl turns. \ unique 

drsi«n fralurr directs ihr oil lo flow hetwren ihr rolor poles to carry away heat from these 

arras. The same oil is thru used again lo spray ami rool tin* stator winding rml turns. This 

cooling teehniquc is rxtrriiirly rffirirnt ami operating Irmprratiirrs of thr generator stabilize 

very rapidly. 

Insulation. Insulation used throughout ihr 2811329*1 is Dul'onJV "Notiiex" ami our own 

RhMoO insulating malrrial. Thr roinhinatioii of these two matrrials provides optimum lira! 

transfrr characteristics. 

RB-160. usrd to impregnate ihr wound assemblies of ihr generator, also has great 

mrrhaniral strength lo provide excellent bonding within ihr windings. These are important 

rharartrristirs since movement within the windings due to vihrational stresses is prevented. 

Tallies I and II show insulation life and thermal conductivity of the installation used in the 

288329-1. 

18 
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Specifications 
* Rating:        150 KV, continuous 

output <S> .75 PF; 
120/208 volts. 3uhase. 

4-wire, 400 Hr at 
12.000 RPW 

* Coohr.g Oil:     Oil-m@250°F and 
flow at 7.5 gpm 
<3> 230-240 ps. 

* Weight:       74 lbs. 

PMG Output: 42 = volts 

Design Features 

*   Oil-cooled by conduction and on-mtst 
spray 

* Integrates with drive to provid: compact 

compact drive, generator package. 

* Lightweight unit has weight to-output 
ratio of only   5'b. KVA. 

PMG excitation source with solid-state 
control unit eliminates need for 
external excitation and produces ex- 
cellent generator output cha'a:ter- 
istics. 

Cool.ng techniq.it"; provide extrem«' 

effect .e cooimo s.sf.T .'. in cw- 
servative generator opeution 

Insulation system is completely com- 
patible A:th. and unaffected by 

MILL-7808. MIL L 23699 
hydraulic flu.d;. 

Integration with drive makes up 
lightweight overall package. 

Brushless design provides long service 

life and low overhaul/maintenance 
costs. 

Table   I 
Therma 

Comparison   of 
Conductivity 

RB-169 
Epoxy 

I"- 

I 
r 1.0- 

RB-159 
Epoxy 

Typical 
Epoxy 

Siticone 
Varnish 

ML 
Vanish 

Various Impregnating Materials 

mm ^y^M ^^*hämL*Lä~^. 
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Table   II    Insulation   Life 

16,000 
9 
8 
7 

5 

4 

15   * 
§ 
i 

ba 
U.   1000 
j       9 

hi O 
to r 

(00 

DUPOWT OATA ON NOMEX (HT-i 
PAPER)  USEFUL LIFE ARBITRARILY 
DEFINED  WHEN DIELECTRIC 
STRENGTH PAILS BELOW   3O0V/M1L. 
fNOMEX MATERIAL /S USEP  IN 
MAKING   STATOR SLOT CELLS.) 
ALSO  DEFINES LIFE OF ÖENIDIX 
R6-I60 EPOXY RESIN ARBITRARILY 

.DEFINED AS TIME WHEN WEIGHT. 
LOSS  EQUALS   5 °/o..  

ANACONDA  DATA ON THERMAL   LIFE 
OF ML   INSULATED MAGNET W/R£. 

• 50 «75 2oo 225 2£0 27S 

DEGREES       CENTIGRADE 

** *^'A' llUbltl.   1 
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EFFICIENCY   CURVES    268329-f   JPG 
GENERATOR VM 2 @ <2,000 RPMJ Oll IM (?250°F. 
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56.25 
6Z4 

5C*5 
424 

S625 
<>24 

S6.ZS 
624 
st.?& 
62+ 

26.5 
4.35" 
28-o 
4.45 
29.0 
4.45 

/2o 
/30 

/2a 
/40 

/2/ 
/4C 

0 

5" 
/O 

2% 

fZooo Boo tt ttfS 
2of& 

- - 
75 

932 
75 

S32 
75" 
752 

40.0 
6.54 - 5* 2o?v 

fsft 
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PROroSKI) BKNIMX TRACTION MOTOR 

WhP DC MOTOR, 
8000 RPM 
100 VOLTS, DC 
140 LB 

'- /•-"'--S 
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APPENDIX B 

GENERAL ELECTRIC TEST RESULTS 
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GENERAL® ELECTRIC 
COMPANY 

777  FOURTEENTH   STREET, N.  W.,  WASHINGTON,  D.  C.  20005    .    .    .    TELEPHONE  Executive  3-3600 

DEFENSE    PROGRAMS 

DIVISION 

EQUIPMENT    AND   COMPONENT 

FIEID   OFER^TION 

Department of the Army 
MERDC 
Fort Belvoir, Virginia   22060 

Attention:   Mr. C. Heise 

January 13, 1969 

Gentlemen: 

The attached information hopefully provides sufficient data for your 
present planning.   J. Nadzam will check the engineers to determine 
if additional tests are planned so that you may have a complete 
speed torque curve family.   At one time, this action was contemplated 
but the availability of test equipment was delayed. 

Very truly yours, 

C.J.n/Vhite 
Manager - Ground Power Programs 

CJW/ra 

Encl. 
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GENERAL ELECTRIC 

Dial Comm: 8*342-2981 Date: November 26, 1968 Copies: OF Bond. 64-3 
WG Brighton, 
17-2 

I)ept: Direct Current Motor & Generator Depl. 

Address: 3001 East Lake Road. Erie, Pa.   16501 

Subject: Type BY40I Motors for ERDL 

RECEIVED 
OFF HIGHWAY VEHICLE 

EQUIPMENT PROJECT 
NOV 27 1968 

TEPMO 
TRANSPORTATION SYSTEMS DIVISION 

Mr. J. P. Nadzam 
BldS 42-3 

A little over one year ago we shipped 5 motors to ERDL for powering an experimental vehi- 
cle. Questions from the customer on overload capability of the motor prompted us to suggest 
that they return one motor to us for testing with a dynamometer facility that was not available 
at the time the motors were initially shipped. This facility has permitted us to test the motors at 
speeds up to 8000 r/min and at outputs of 100 hp or more. We have now completed these tests 
with the results as shown on the attached two curve sheets. 

The attached curve sheet "Duty Cycles and Short Time Ratings" is particularly interesting 
because it is a complete statement of the thermal capability of the motor on any type of 
repetitive load. 

You will observe that the maximum duration for an overload condition is somewhat shorter 
than we had previously indicated that it would be. The following observations are ap- 
propriate. 

(1) The maximum capability of the motor is 102 Ib-ft for one minute. This is simultaneously 
a thermal and a commutation limitation. At this torque, and at 60(H) r/min, 116 hp will be 
delivered bv the motor. 
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(2t The ruled maxi mum sjnvd of the motor is HiHMI r/min. Any *]»mJ greater than this \a!ue 
should he considered an o\rrspeed. The maximum »ale speed is KMNN) r/min. 

Our tests disclosed thai when operation at high ennuis and high speeds will he frequently 
repealed, two changes will improve commutation, hrtisli lif«\ and commutator life. These are; 

(a) Change hrush grade to i,-2()f>. 

(h) Increase spring pressure 50 percent. 

I am attaching a copy of Mr. Bond's test report, ft.un whirl, you can see the importance of 

these changes. We understand that the customer is interested in converting from shunt to series 

windings. At the time the .machines are returned to us for conversion we would plan to install 

the new brushes ami sprin«*. He should, at the same lime, return the two motors to us which 
have already heen converted In series windings in order that we can make the hrush ami spring 

changes as well as reeheck the machines thoroughly to see that they are in top condition. 

/*/ 
C. M. \& heeler. Supervisor 

Special Product Engineering 

Specialty Motor Product Engineering Suhseotion 

Bldg. 64B-3. Ext. 2981 

Attachments 
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Brush Tests on Model 5BY401A5 

The motor is a series wound machine, separately ventilated and is rated 40 hp, 8000 r/min, 

% V. 345 A continuous duty—100 hp. 6000 r/min, 96 V. 920 A. 20 s short time duty. 

The customer. Mobility Equipment R&I) Laboratories anticipated the motor*» capabilities as 

shown in Figure 1 and requested our comments on the "time-on" values for the various load 
conditions. 

Tests have been taken and the important results are included in this report. 

Conclusions. 

(1) The commutator was designed for operation at 8000 r/min and tests confirm commutator 
stability at this speed. No load overspeed is 10.000 r/min. 

(2) Brushes should be changed to grade L206, 

(3) Brush springs should l>e changed to give 50 percent additional pressure. 

(4) For load currents exceeding rated, the operating time is limited by brush temperatures 

rather than winding temperatures. 

Tests. 

(A) Black band tests were taken to confirm compensation and to compare different brush 

grades. Tests were at half rated volts. Vibration required the use of double-pressure springs, 

(1) Grade 537. This is one of the original brushes, preferred for good wear properties. Black 

band is narrow and closes at less than peak current. 

(2) Grade 456. Favored brush for low contact drop, but rejected for poor wear. Has open 

band t«i |»< ak cuiieiii. 

(3) Grade 1,206. Recommended by Carbon Products. This split brush has very wide band. 

(4) Grade 1-206 solid. Poor band. 

(B) Tests wen* taken to find "time-on" values at points on or below the characteristic curve. 

Brush temperature by thermocouple and winding temperature by volt drop were observed. The 
motor was run to selected speed and load current as quickly as possible. 

30 

JL^,-__
-. .A....-- ..-- •-.-.-•-  _-. _- jlillMM^^^mii*Li_lk»»iifciifci   •    -    -~   --------^ ---   -• 



r-r-TV--' •• "T" *T* "ll.' 1-1- •—»   ».  •. ^..•^1    «•     ..!••[      •)        II    I.MII^I    HHill    l?iyW!^^»^y ^^^pp 

Result.« (CW rotation only 

0 C 
LV LA r/min Cotnm Brush Temp Time On Remarks 

67.5 1000 4000 1-1 V4 250 1.3 min L206 split brush 
93 1000 6000 1-2 250 1.25 heavy springs 
94 800 6500 2 250 2.5 
92 650 6800 2 250 4.75 high friction 
58 350 6000 1 150 Cont 

66 1000 4000 1 V4-3 230 1 min L206 split brush 
95 800 6500 2-3 200 1.2 tight spring 
94 650 6800 2-3 200 2.5 
88 450 7500 2-3 175 3.25 worse sparking accounts 
61 350 6000 i 130 Cont for short times 

62 1000 4000 1-2 200 2.25 min 456 heavy spring 
— 1000 6000 2 150 1 shut down due to 

87 800 6000 3 175 1.5 brush dusting 

_ 1000 4000 — — — 456 light spring 
severe sparking streamers 

— 1000 4000 — — — SA45 light spring 
vicious sparking 

The L206 split brush is clearly the most successful. A spring of 6 lb/in.' would be a com- 
promise between high brush friction (with double spring at 8 lb/in.1) and poorer commutation 
with the normal spring. Brush temperatures indicate a strict time limit on overloads, and it 
may be concluded that an increase in brush area and commutator size is needed to achieve 
more reasonable short time ratings where an application of this motor demands such ratings. 
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APPENDIX C 

GEAR DESIGN CALCULATIONS 
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MEMORANDUM 

From: Code 2723 (D. Guimond) 
To:   MERADCOM (C. Heise) 
Via:  Code 2723 

Subj: Final drive gearbox; preliminary design for 

Ref:  (a) Meeting on 10 Sep 82 btwn 6. Anderson (DTNSRDC, Code 2723) and 
MERADCOM personnel at DTNSRDC, Carderock 

Encl: (1) Design Calculations 

1. In support of your work with Mark Rice, of the Marine Corps Project Office, 
for the design of final drive for tracked vehicles and based on the requirements 
discussed in reference (a), preliminary designs were worked out for two gear- 
boxes to obtain estimates of size, volume, weight and cost. 

2. The first qearbox consists of three input pinions (each being driven by an 
electric motor) meshing with a central output gear giving a reduction ratio of 
2.8:1. Each pinion has a pitch diameter of 2.857". The gear has a pitch 
diameter of 8.000". The gearbox would be approximately 14.00" in diameter and 
4.50" wide. The weight would be 66 lbs. 

3. The second gearbox is a planetary arrangement taking as it's input the 
output of gearbox No. 1. It consists of an input sun gear, five planet gears 
and a ring gear held stationary by a clutch or brake. The output is taken from 
the planet gear carrier, with the overall reduction being 2.5:1. The unit can be 
by passed by releasing the clutch holding the i'ing gear and energizing a second 
clutch which connects the input sun gear to the ring gear, locking the planet 
gears, to achieve a 1:1 ratio. The unit would have overall dimensions of 13.00" 
diameter by 5.50" wide and weighs 58 lbs. 

4. Funk Manufacturing Company has been asked to supply cost and lead time 
estimates for 2 of each unit. 

5. The gearboxes should have a life of at least 600 hours, 
calculations are included in enclosure (1). 

Rough design 

David P. Guimond 
Ext. 2362 

Copy to: 
Code 2723 
Code 1120 (Mark Rice) 
Code 2723S 
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2.8:1 Simple Mesh 

4.5 
cos 30° = 

cos 30° 

center distance = 5.20" 

dG -> dp 
= 5.20 

2.8 dp + dp 
= 5.20 

2.8 = 
do 
dp 

3.8 dp 
= 5.20 

dG = 2.8 dp 

dp = 2.737"   smallest 
dG = 7.664" Possible 

Np = 40 NG = 112 
112 

40 
= 2.8 

N 40 
P « 14      d = —      dp = —= 2.857" 

P 14 
dg - — - 8.00" 

14 

dp = 2.857"     dg = 8.00"       F = 1.50" 
Np = 40 Ng = 112 J = .495 

Bonding Stress 

S * 
4.8 TN        4.8 (120) (12) (40) 

FdMB       (1.50) (2.851)2 (.495) 
Sb = 45,619        PSI 

K Factor W    Mg+1 2T     2(120X12) 
K    r= W    =   =     = 10081b. 

FdpB      Mg . 2.857 

K = • ]008___ 
1.5(2857) 

/2.8+1X 

\  2.8   / EZ 319 
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Fd; = 

Fd«   = 

Size & Weight 

1.5 (2.857)2 = 12.24 x ? = 36.73 

1.5 (8.00)2 = % 

IFd2 = 132.73    X     .5 = 66.365 

Weight - 66 lb. 

5.20 + 
2.857 

2 - 13.257       14" dia. 

F = 1.5        3F = 4.5       4.5" wide 

35 



. -^TT^-rr- t-i-.-^L1«; T»«;' T«",'V 'l\ 5.*. V'.'^V '^ 7 *• «HI •»»»•;«••* • •; vi « I'r-f-'T •'^'•m [*. «m "•'_"•• 

2.5:1 Planetary 

Input Torque   120 (12)(3)(2.8) = 12,096 lb. in. 
8000 

Speed = 285. RPM 
2.5 

Nr 
2.5 ratio — = 1.5 Ns = 80 Nr * 120 

Ns 

Nr-Ng      120-80 
Np = =    = 20 

Nr + Ng 

# planets 
= integer 

p = 14 
N 

ds = 5.714" dp = 1.429' 

120+80 
= 40 

dr = 8.571 

ds = 5.714" Ng = 80 5 planets 

dp = 1.429" Np = 20 p = 14 

dr = 8.57" Nr = 120 F = 1.375" 

F = 1.375 

25° Spur Gears Js = .505 Jp = .405 

ndr      .2618 (2857)(8.571) 
V = .2518 

W 

Mg 2.5 

33000 Hp  /   dr   \ 

V       \dr + ds/ 

33000(550) /     8.571 

Hp 

V = 2564.31 Ft./Min. 

Tn        12096(2857) 

63000 63000 
= 550 

2564.31     V8.571 + 5.714 

K 
W   /ds + dp\       4246.76 

sun     — 
pinion BF \ dsdp /       5(1.375) 

K ring 
W  /dr-dp 

BF \~drdp 

W = 4246.76 lb. 

5.714+1.429 

(5.714)(1.429) 

4246.76 

5(1.375) 

8.571-1.429 

(8.571)(1.429) 

KSun     = 540 
pinion 

Krjng = 360 
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Bending Stress 

S - 
4.8 TN 

Fd2 JB 
^<UiP     — 

4.8 (12096) (80) 

(i.375)(5.714)2(.505)(5) 
Ssun = 40,976 PS1 

dp A.429\ 
Tplanet = TSUn -- - 12096  3025 lb,-in. 

ds \5.7I4/ 

Spi anet — 
4.8 (3025) (20) 

1.375 (1.429)'(.405)5 
S planet = 51,075 FSI 

Weight & Size 

Q 
Weight * 9500 — <-k 

"(Mg-f l)rj 

-    Mg   J 

550 
v      2857 

r(2.5 + l)r 

L    2.5    . -130    -    «OO«"0'- 
540 

57.9 

Weight =* 58 lb. 

d a 1.5 dr d - 1.5(8.57) - 12.855 

L = 3F L =• 3 (1.375) = 4.125 + room for clutches 

13'' dia. x 5.5" wide 

j / 
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2.8:1 Ratio 

2.857" dia. —W^ 

8.000" dia.-*./ \ 

ai 

*4.5"* 

14. 00" 

2.5:1 Ratio 

1.429" dia. 

5.714" dia. 

8.57" dia. 
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APPENDIX D 

MOTOR PERFORMANCE 

IT: Charles Faulkerson 13-2 USAMERADCOM 

Oct 27, 1982 

Mr. Mike Mando 

Enclosed find computer runs for our BT2378 motor rated: 

90 hp, 5200 r/min, 120 V, 611 Amps, BV (?50 CFM) 

Short time ratings are shown on an attached sheet. 

Runs were made with 48 V, 36 V, 24 V, 20 V, 16 V, 14 V, 13 V, and 12 V excitation. 

Also included are runs for our BT2346 motor with 48 V and 36 V excitation. 

/B/ 

E. D. Elwonger 
General Electric Company 
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USAMERADCOM 

BT2378-3311 

FLI) = 65 T .1285" 

Time 
(inin) 

1 
2 
5 

10 
25 
30 
Cont 

Thermal Ratings 

I I 
ARM FED 

2574 250 
1920 187 
1480 119 
1227 144 
1040 101 
763 50 
611 40 
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BT2378-3311  .115  M78S  USMERADCÜM  ELWONGER 
WED, OCT 27, 1982,  9s26 AM 

ELECTRIC VEHICLE PERFORMANCE-REV 7/14/81 

CIRCUIT PARAMETERS 

MAX STALL BAT AMPS (SCR)* 400.0 ARM. IND. 
PEAK MTR STALL AMPS<SCR>=» 8918.1 UNSAT SER 
MAX STALL MTR AMPS <SCR>» 1000.0 SAT. SER. 
RB* .0000        NL BM «  120.0 TOT. MTR. 
RL* .0070        DI/DT » 1258.7 UNSAT SH. 
RA=* .0057        SCRTYP«   8.0 SAT. SH. 

FIELD DATA^SPD* 2) 

.11995E+00 

.OOOOOE+00 

.OOOOOE+00 

.95336E-01 

.2154QE+02 
•37341E+02 

RSH-.4360E+00 
RSE«.0O00E+OO 

RSHD=.QOOOE+00 
R3  =.O0O0E+00 

SEV=."dO0E+Q2 
RD =.000ÜE+öö 

SHUNT  TURNS  =     65.00 
SERIES TURNS= .00 

FOR IA > 468.750 
BRUSH DROP»1.40+ .00064#IA 

FOR IA <=» 468.750! 
BRUSH DROP= .00363*IA 

MOTOR 
IB 

8918. 
4459. 
3656. 
2998. 
2459. 
2016. 
1653. 
1356. 
1112. 
911. 
747. 
613. 
503. 
412. 
338. 
277. 
227. 
186. 
153. 
125. 
103. 
84. 
69. 
57. 
46. 
38. 
31. 
26. 
21. 
17. 

CHARACTER 
IA 

8918. 
4459. 
3656. 
2998. 
2459. 
2016. 
1653. 
1356. 
1112. 
911. 

,747. 
613. 
503. 
412. 
338. 
277. 
227. 
186. 
153. 
123. 
103. 
84. 
69. 
57. 
46. 
38. 
31 . 
26. 
21 . 
17. 

IQOO I 

ISTIC 
VM 

57.6 
88.8 
94.4 
99.0 
02.8 
05.9 
08.4 
10.5 
12.2 
13.6 
14.8 
15.7 
16.5 
17.1 
17.6 
18.1 
18.4 
18.7 
18.9 
19.1 
19.3 
19.4 
19.5 
19.6 
19.7 
19.7 
19.8 
19.8 
19.9 
19.9 

f3 

DATA 
TORQ 

3755.7 
1860.4 
1552.3 
1279.8 
1061.0 
879.9 
722.0 
590.2 
482.4 
394.1 
321.9 
262,6 
214.1 
174.3 
141.7 
115 
93 
75 
60 
48 
38 
30, 
23 
18.2 
13.7 
10 

7 
4 
2 

0 
0 
6 
5 

.9 

433 

RPM 
0. 

958. 
1139. 
1280. 
1380. 
1456. 
1529. 
1593. 
1646. 
1689. 
1725. 
1753. 
1777. 
1799. 
1819. 
1835. 
1848. 
1859. 
1867. 
1874. 
1880. 
1885. 
1889. 
1892. 
1895. 
1897. 
1899. 
1901 . 
1902. 
1903, 

HP 
.00 

339.31 
336.65 
312.05 
278.90 
244.03 
210.28 
179.12 
151.24 
126.81 
105.72 
87.72 
72.48 
59.75 
49,10 
40.19 
32.76 
26.59 
21.48 
17.25 
13.76 
10.88 

8.51 
6.55 
4.95 
3.63 
2.54 
1.65 

.92 

.32 

&7 

LOSSES 
590931. 
148153. 
99417. 
69440. 
50016. 
36773. 
27720. 
21511 . 
17235. 
14278. 
12223. 
10785. 
9773. 
8990. 
8420, 
8028. 
7756. 
7568. 
7436. 
7343. 
7278. 
7231 . 
7197. 
7172. 
7154. 
7141. 
7131 . 
7123. 
7117. 
7113. 

EFF 
.0 

63.1 
71 .6 
77.0 
80.6 
83.2 
85.0 
86.1 
86.7 
86.9 
86.6 
85.9 
84.7 
83.2 
81 
78 
75 
72 
68 
63.7 
58.5 
52.9 
46.9 
40.5 
34.0 
27.5 
21 .0 
14.7 
8.8 
3.2 
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FIELD   DATA<SPD#   3) 

RSH«.4360E+00 
RSE*.OOOOE>00 

RSHD=.O0OOE+OO  SEV=.3600E+02  SHUNT TURNS »  65.00 
RS  =.0000E+00  RD «.OOOOE+OO  SERIES TURNS=    .00 

FOR   IA   >  468.750 FOR   IA   <=  468.750: 
BRUSH DROP»1.40+   .00064*IA BRUSH  DROP«   .00363*IA 
INCREASED   BRUSH  DROP  DUE  TO FIELD  WEAKENING  - BD*2.50 

MOTOR CHARACTERISTIC DATA 
IB IA VM TORQ RPM HP LOSSES EFF 

8918. 8918. 57.6 2889.2 0. .00 588643. .0 
4459. 4459. 88.8 1395.8 1276. 339.28 145863. 63.4 
3656. 3656. 94.4 1163.0 1520. 336.60 97140. 72.1 
2998. 2998. 99.0 976.5 1677. 311.99 67170. 77.6 
2459. 2459. 102.8 812.1 1803. 278.83 47751. 81.3 
2016. 2016. 105.9 675.3 1897. 243.96 34513. 84.1 
1653. 1653. 108.4 561.6 1965. 210.20 25462. 86.0 
1356. 1356. 110.5 464.9 2022. 179.05 19254. 87.4 
1112. 1112. 112.2 382.4 2075. 151.17 14980. 88.3 
911. 911. 113.6 312.5 2129. 126.74 12024. 88.7 
747. 747. 114.8 255.2 2174. 105.64 9969. 88.8 
613. 613. 115.7 208.2 2210. 87.64 8533. 88.5 
503. 503. 116.5 169.7 2239. 72.40 7521. 87.8 
412. 412. 117.1 138.2 2267. 59.67 6739. 86.9 
338. 338. 117.6 112.3 2291. 49.02 6170. 85.6 
277. 277. 118.1 91.1 2311. 40.11 5778. 83.8 
227. 227. 118,4 73.7 2327. 32.68 5507. 81 .6 
186. 186. 118.7 59.5 2341. 26.51 5319. 78.8 
153. 153. 118.9 47.8 2352. 21 .40 5188. 75.5 
125. 125. 119.1 38.2 2361. 17.17 5095. 71 .5 
103. 103. 119.3 30.3 2368. 13.67 5030. 67.0 
84. 84. 119.4 23.9 2374. 10.79 4983. 61.8 
69. 69. 119.5 18.6 2379. 8.42 4949. 55.9 
57. 57. 119.6 14.2 2383. 6.47 4925. 49.5 
46. 46. 119,7 10.7 2386. 4.86 4907. 42.5 
38. 38. 119.7 7.8 2389. 3.54 4893. 35.0 
31 . 31 . 119.8 5.4 2391. 2.45 4883. 27.3 
26. 26. 119.8 3.4 2393. 1.56 4876. 19,3 
21 . 21. 119.9 1.8 2395. .83 4870. 11.3 
17. 17. 119.9 .5 2396. .23 4866. 3.4 
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BT2378-3311  .115  M785  USMERADCOM  ELWONCER 
TUE, OCT 26, 1982,  5:22 PH 

ELECTRIC VEHICLE PERFORMANCE-REV 7/14/81 

CIRCUIT PARAMETERS 

MAX STALL BAT AMPS (SCR>- 
PEAK MTR STALL AMPS(SCR)« 
MAX STALL MTR AMPS (SCR)» 

NL BV - RB« 
RL» 
RA» 

.0000 

.0070 

.0057 
DI/DT » 
SCRTYP« 

400.0 
8918.1 
1000.0 
120.0 

1258.7 
8.0 

ARM. IND. 
UNSAT SER 
SAT. 8ER. 
TOT. MTR. 
UNSAT SH. 
SAT. SH. 

.11995E+00 

.O0OO0E+00 

.OOOOOE+00 

.95336E-01 

.2154QE+02 

.301B0E+02 

FIELD DATA(SPD* 2) 

RSH«,4360E+Q0 
RSE*.O0OOE+0O 

RSHD».0000E+00 
RS  ».0000E+00 

SEV-.2400E+02 
RD «.000OE+0O 

FOR IA > 468.750 
BRUSH DROP«!.40+ .00064«IA 

SHUNT  TURNS  «     65.00 
SERIE8 TURNS- .00 

FOR XA <* 468.750t 
BRUSH DROP« ,0Q363*IA 

MOTOR CHARACTERISTIC DATA 
IB IA VM TORQ RPM HP LOSSES EFF 

8918. 8918. 57.6 2022.6 0. .00 587008. .0 
4459. 4459. 88.8 920.9 1935. 339.45 144082. 63.7 
3656. 3656. 94.4 763.4 2316. 336.73 95389. 72.5 
2998. 2998. 99.0 641.0 2556. 312.10 65437. 78.1 
2459. 2459. 102.8 542.8 2698. 278.94 46024. 81.9 
2016. 2016. 105.9 459.5 2788. 244.05 32795. 84.7 
1653. 1653. 108.4 387.2 2851. 210.28 23754. 86.8 
1356. 1356. 110.5 327.4 2872. 179.11 17558. 88.4 
1112. 1112. 112.2 272.2 2916. 151.22 13289. 89.5 
911. 911. 113.6 225.5 2952. 126.78 1033B. 90.1 
747. 747. 114.8 186.1 2982. 105.69 8286. 90.5 
613. 613. 115.7 153.0 3009. 87.68 6852. 90.5 
503. 503. 116.5 125.3 3034. 72.44 5842. 90.2 
412. 412. 117.1 102.2 3066. 59.70 5060. 89.8 
338. 338. 117.6 83.1 3098. 49.05 4491. 89.1 
277. 277. 118.1 67.5 3123. 40.14 4099. 88.0 
227. 227. 118.4 54.6 3145. 32.72 3829. 86.4 
186. 186. 118.7 44.1 3162. 26.55 3641. 84.5 
153. is:*. 118.9 35.4 3177. 21.43 3509. 82.0 
125. 125. 119.1 28.3 3186. 17.20 3417. 79.0 
103. 103. 119.3 22.5 3198. 13.71 3351 . 75.3 
84. 84. 119.4 17.7 3206. 10.83 3305. 71 .0 
69. 69. 119.5 13.8 3212. 8.46 3271. 65.9 
57. 57. 119.6 10.6 3217. 6.50 3247. 59.9 
46. 46. 119.7 8.0 3222. 4.90 3229. 53.1 
36. 38. 119.7 5.8 3225. 3.58 3215. 45.3 
31. 31. 119.8 4.0 3228. 2.49 3205. 36.7 
26. 26. 119.8 2.6 3231. 1.60 3198. 27.2 
21. 21 . 119.9 1.4 3233. .87 3192. 16.8 
17. 17. 119.9 .4 3234. .27 3188. 5.8 
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FIELD  DATA(SPD»   4) 

RSH».4360E+00     RSHD=*. OÖO0E+ÖG     SEV» .2000E+02     SHUNT   TURNS  *     65.00 
RSE=.0000E>00     RS     ».0000E+00     RD   «.00Q0E+00     SERIES  TURNS« .00 

FOR   IA   >   468.750 
BRUSH DROP*!.40+   ,00064«IA 

FOR   IA  <«  468,750! 
BRUSH  DROP*   ,00363«IA 

MOTOR CHARACTERISTIC DATA 
IB IA VM TORQ RPM HP LOSSES EFF 

8918. 8918. 57.6 1733.8 0. .00 586608. .0 
4459. 4459, 88.8 756.1 2357. 339,52 143629. 63.8 
3656. 3656. 94.4 624.6 2831 . 336.77 94955. 72.6 
£998. 2998. 99.0 524.9 3122. 312.15 65000. 78.2 
2459. 2459. 102.8 445.3 3289. 279.01 45562. 82.0 
2016. 2016. 105.9 380.9 3365. 244.16 32311. 84.9 
1653. 1653. 108.4 323.4 3415, 210.41 23256. 87.1 
1356. 1356. 110.5 275.0 3422. 179.24 17058. 88.7 
1112. 1112. 112.2 234.3 3390. 151.32 12809. 89.8 
911. 911. 113.6 194.8 3419. 126.88 9862. 90.6 
747. 747. 114.8 161.3 3444. 105.78 7814. 91 .0 
613. 613. 115.7 133.0 3465. 87.77 6382. 91.1 
503. 503. 116.5 109.3 3483. 72.52 5375. 91.0 
412. 412. 117.1 39.6 3504. 59.79 4596. 90.7 
338. 338. 117.6 73.2 3526. 49.13 4029. 90.1 
277. 277. 118.1 59.5 3546. 40.22 3638. 89.2 
227. 227. 118.4 48.3 3565. 32.79 3368. 87.9 
186. 186. 118.7 39.0 3582. 26.62 3180. 86.2 
153, 153. 118.9 31.4 3598. 21.51 3049. 84.0 
125. 125. 119.1 25.1 3611. 17.28 2957. 81.3 
103. 103. 119.3 20.0 3621. 13.79 2891. 78.1 
84. 84. 119,4 15.8 3630. 10.90 2844. 74.1 
69. 69. 119.5 12.3 3637. 8.53 2811. 69.4 
57. 57. 119.6 9.5 3643. 6.58 2786. 63.8 
46. 46. 119.7 7.2 3648. 4.97 2768. 57.3 
38. 38. 119.7 5.2 3651. 3.65 2755. 49.7 
31. 31. 119,8 3.7 3655. 2.57 2745. 41 .1 
26. 26. 119.8 2.4 3657. 1.67 2737. 31.3 
21. 21 . 119.9 1 .4 3659. .94 2732. 20.5 
17. 17. 119.9 .5 3661. .34 2727. 8.5 
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FIELD DATA<SPD# 5) 

RSH-.4360E+00  RSHD-.OOOOE+OO  8EV-.1600E+02 SHUNT TURNS > 
RSE-.O000E+00  RS  ».QO00E+Q0  RD -.0000E+00  SERIES TURNS' 

65.00 
.00 

FOR IA > 468.750 
BRUSH DROP«1.40+ .00064»IA 

FOR IA <- 468.7501 
BRUSH DROP- .00363«IA 

MOTOR CHARACTERISTIC DATA 
IB IA YM TORQ RPM HP LOSSES EFF 

8918. 8918. 57.6 1445.0 0. .00 586281. .0 
4459. 4459. 88.8 580.7 3068. 339.41 143381. 63.8 
3656. 3656. 94.4 477.5 3701 . 336.58 94768. 72.6 
2998. 2998. 99.0 401.8 4075. 311.92 64842. 78.2 
2459. 2459. 102.8 343.3 4263. 278.79 45400. 82.1 
2016. 2016. 105.9 295.7 4332. 243.97 32126. 85.0 
1653. 1653. 108.4 255.4 4322. 210.27 23029. 87.2 
1356, 1356. 110.5 219.0 4295. 179.16 16783. 88.8 
1112. 1112. 112.2 138.6 4214. 151.34 12468. 90.1 
911. 911. 113.6 162.5 4100. 126.94 9488, 90.9 
747. 747. 114.8 135.4 4105. 105.86 7424. 91.4 
613. 613. 115.7 112.1 4115. 87.86 5984. 91 .6 
503. 503. 116.5 92.5 4123. 72.62 4972. 91.6 
412. 412. 117.1 76.0 4137. 59.89 4188. 91.4 
338. 338, 117.6 62.3 4152. 49.24 3618. 91.0 
277. 277. 118.1 50.8 4165. 40.33 3226. 90.3 
227. 227. 118,4 41.4 4176. 32.90 2954. 89.3 
186. 186. 118.7 33.5 4185. 26.73 2766. 87.8 
153. 153. 118 9 27.1 4193. 21 .62 2634, 86.0 
125. 125. 119.1 21.7 4200. 17.39 2541. 83.6 
103. 103. 119.3 17.3 4207. 13.90 2475. 80.7 
84. 84. 119.4 13.7 4212. 11 .02 2428. 77.2 
69. 69. 119.5 10.8 4216. 8.65 2394. 72.9 
57. 57. 119.6 8.3 4221 . 6.69 237«. 67.8 

«»SCREEN CONTENTS £?WED, OCT 27, 1982,  9s28 AM 

45 

K*U* A/-1-VV. /: A A A A A A A -*. 

A A A "A <.   • * » * - * , • . «: . - „•«••«•. ••, 

\*lm{6mil»^ >• • ** -?"•-•  -..-.- 



,T,1 ^~* i"* -"» ."*  ." 7%TT"•:' •TT 

FIELD  DATA(SPD*  3) 

RSH-.4360E+00     RSHD«.OOOOE+00 
RSE*.0000£>OQ     RS     «.OOOOE+00 

SEV*.1400E+02 
RD -.OOOOE+00 

SHUNT TURNS -    45,00 
SERIES TURNS- .00 

FOR  IA   >   468.750 FOR  IA <•  468.750! 
BRUSH  DROP-1.40+   .00064«IA BRUSH DROP«   .00363«IA 
INCREASED  BRUSH DROP  DUE  TO  FIELD WEAKENING - BDM2.5Q 

MOTOR CHARACTERISTIC DATA 
IB IA vm TORQ RPM HP LOSSES EFF 

8918. 8918. 57.6 1300.6 0, .00 586145. .0 
4459. 445?. 88.8 485.8 3666. 339.23 143375. 63.8 
3656. 3656. 94.4 397.1 4446. 336.29 94846. 72.6 
2998. 2998. 99.0 335.3 4879. 311.56 64968. 78.2 
2459. 2459. 102.8 288.7 5063. 278.43 45532. 82.0 
2016. 2016. 105.9 250.8 5100. 243.63 32235, 84.9 
1653. 1653. 108.4 218.7 5040. 209.98 23107. 87.1 
1356. 1356. 110.5 189.4 4960. 178.92 16827. 88.8 
1112. 1112. 112.2 163.9 4840. 151.13 12485. 90.0 
911. 911. 113.6 142.0 4687. 126.79 9461. 90,9 
747, 747. 114.8 119.4 4650, 105,74 7378, 91,4 
613, 613. 115.7 99.2 4644. 87.75 5924. 91 .7 
503. 503. 116.5 82.1 4641. 72.53 4899. 91,7 
412. ,412. 117.1 67.6 4646. 59.82 4105. 91.6 
338. 330. 117.6 55.5 4655. 49.17 3532. 91.2 
277. 277. 118.1 45.3 4663. 40.26 3137. 90.5 
227. 227. 118.4 36.9 4669. 32.84 2864. 89.5 
186. 186. 118.7 30.0 4674. 26.67 2673. 88.2 
153. 153. 118.9 24.2 4679. 21.56 2540. 86.4 
125. 125. 119.1 19.4 4686. 17.33 2447. 84.1 
103. 103. 119.3 15.5 4693. 13.84 2381. 81.3 
84. 84. 119.4 12.2 4699. 10.96 2333. 77.8 
69. 69. 119.5 9.6 4704. 8.59 2299. 73.6 
57. 57. 119.6 7.4 4708. 6.64 2274. 68.5 
46. 46. 119.7 5.6 4711. 5.03 2256. 62.5 
38. 38. 119.7 4.1 4715. 3.71 2243. 55.2 
31. 31. 119.8 2.9 4718. 2.63 2233. 46.7 
26. 26. 119.8 1.9 4721. 1.73 2225. 36.8 
21. 21. 119.9 1.1 4723. 1 .00 2220. 25.2 
17. 17. 119.9 .4 4725. .40 2215. 11.9 
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FIELD DATA(SPD« 4) 

RSH«.4360E*00  RSHD-.ÖOÖOE+OÖ  SEV*.1300E+02  SHUNT TURNS « 65.00 
RSE-.OOOOE+OO RS  -,000OE*0O RD «.OOOOE+00 SERIES TURNS»    .00 

FOR  IA  >  468.750 
BRUSH DROP-1.40+   .00064«IA 

FOR  IA  <« 468.750i 
BRUSH DROP-   .00363«IA 

MOTOR CHARACTERISTIC DATA 
IB IA VM TOR« RPM HP LOSSES EFF 

8918. 8918. 57.6 1228.3 0. ,oo 586084. .0 
4459. 4459. 88.8 432.5 4116. 339.07 143432. 63.8 
3656. 3656. 94.4 351.7 5016. 336.02 94986. 72.5 
2998. 2998. 99.0 299.1 5463. 311.24 65145. 78.1 
2459. 2459. 102.8 259.5 5626. 278.10 45715. 81.9 
2016. 2016. 105.9 226.8 5633. 243.32 32406. 84.9 
1653. 1653. 108.4 199.3 5525. 209.72 23242. 87,1 
1356. 1356. 110.5 173.9 5396. 178.70 16931. 88.7 
1112. 1112. 112.2 151.2 5243. 150.95 12555. 90.0 
911. 911. 113.6 131.4 5060. 126.64 9511. 90.9 
747. 747. 114.8 110.7 5010. 105.60 7418. 91.4 
613. 613. 115.7 92.1 4996. 87.63 5958. 91.6 
503. 503. 116.5 76.3 4983. 72.41 4930. 91 .6 
412. 412. 117.1 62.9 4981. 59.69 4135. 91.5 
338. 338. 117.6 51.7 4984. 49.06 3556. 91 .1 
277. 277. 118.1 42.3 4987. 40.15 3157. 90.5 
227. 227. 118.4 34.4 4990. 32.74 2880. 89.5 
186. 186. 118.7 27.9 4995. 26.57 2687. 88.1 
153. 153. 118.9 22.5 5004. 21.46 2553. 86.2 
125. 125. 119.1 18.1 5011. 17.24 2459. 83.9 
103. 103. 119.3 14.4 5017. 13.74 2392. 81.1 
84. 84. 119.4 11.4 5024. 10.87 2344. 77.6 
69. 69. 119.5 8.9 5030. 8.49 2310. 73.3 
57. 57. 119.6 6.8 5035. 6.54 2285. 68.1 
46. 46. 119.7 5.1 5039. 4.93 2267. 61.9 
38. 38. 119.7 3.8 5043. 3.61 2253. 54.5 
31. 31. 119.8 2.6 5046. 2.53 2243. 45.7 
26. 26. 119.8 1.7 5048. 1.64 2236. 35.3 
21. 21 . 119.9 .9 5050. .90 2230. 23.2 
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FIELD DATA<SPD* 5) 

RSH«.4360E+00 
RSE«.0 0 00E>0 0 

RSHD».O00OE+O0 
RS  ».OOOOE+00 

SEV-.1200E+Q2 
RD «.OOOOE+OO 

SHUNT TURNS • 65.00 
SERIES TURNS«    .00 

FOR IA > 468.750 
BRUSH DROP=1.40+ ,00064#IA 

MOTOR 
IB 

8918. 
4459. 
3656. 
2998. 
2459. 
2016. 
1653. 
1356. 
1112. 
911. 
747. 
613. 
503. 
412. 
338. 
277. 
227. 
186. 
153. 
125. 
103. 
84. 
69. 
57. 

CHARACTERISTIC 
IA 

8918. 
4459. 
3656. 
2998. 
2459. 
2016. 
1653. 
1356. 
1112. 
911. 
747. 
613. 
503. 
412. 
338. 
277. 
227. 
186. 
153. 
125. 
103. 
34. 
69. 
57. 

VM 
57.6 
88.8 
94.4 
99.0 
102,8 
105.9 
108.4 
110.5 
112.2 
li3.6 
114.8 
115.7 
116.5 
117.1 
117.6 
118.1 
118.4 
118.7 
118.9 
119.1 
119.3 
119.4 
119.5 
119.6 

DATA 
TORQ 

1156.1 
372.9 
301.3 
259.0 
227.9 
201.1 
178,8 
157.7 
137.9 
120.5 
101.8 
84.7 
70.3 
58.1 
47.7 
39.1 
31 ,8 
25.7 
20.7 
16.6 
13.2 
10.4 
8.1 
6.2 

RPM 
0. 

4769. 
5846. 
6298. 
6396. 
6340. 
6145. 
5937. 
5734. 
5510. 
5435. 
5420. 
5394. 
5381. 
5377. 
5373. 
5379. 
5386, 
5394. 
5403. 
5411 , 
5417. 
5424. 
5429. 

FOR IA <• 468.750? 
BRUSH DROP- .0Q363*IA 

HP 
.00 

338.78 
335.51 
310.67 
277.57 
242.83 
209.30 
178.36 
150.67 
126.42 
105.40 
87.43 
72.22 
59.52 
48.88 
39.99 
32.57 
26.40 
21 ,29 
17.07 
13.58 
10.70 
8.32 
6.37 

LOSSES 
536027. 
143595. 
95309. 
65515. 
4Ü055. 
32713. 
23494. 
17124. 
12708. 
9620. 
7507. 
6047. 
5012. 
4211. 
3628. 
3224. 
2947. 
2755. 
2620. 
2527. 
2460. 
2412. 
2378. 
2354. 

EFF 
.0 

63.8 
72.4 
78.0 
81.8 
84,7 
86.9 
88.6 
89.8 
90 
91 
91 
91 
91 
91 
90 
89 
87 

7 
3 
5 
5 
3 
0 
2 
2 
,7 

85.8 
83.4 
80.5 
76.8 
72.3 
66.9 

«•»SCREEN CONTENTS SiTUE, OCT 26, 1982,  5?24 PM 
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APPEDNIX E 

GENERAL ELECTRIC MOTOR DIMENSIONS 

DIMENSIONS: Open or Separately Ventilated Motors 
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APPENDIX F 

BENDIX BRUSHLESS GENERATOR, TYPE 30B.119-9 

Description 

Utilizing design features which provide maximum operating reliability with minimum 
maintenance, the 30B119-9 will produce 300 amps of 30-volt DC electric power when driven 
at 4000 to 10,000 rpm. 

A brushless generator, the 30B119-9 is designed for extended operating service. It is 
equipped with a fan which supplies cooling air for ground operations and it will accept an air 
spout for blast air. The generator will provide the outputs shown here: 

Altitude 
Feet 

Sea Level 

30,000 
to 

57,500 

Brushless Design 

30 Volt 
DC Output 

300 amps 

400 amps 

Air Required 

Self-Cooled 

Blast Air 
at 11 in., 

H20 

The 30B119-9 has 6 poles with two 3-phase windings connected in wye, and separated by 30 
electrical degrees to produce 12-phase commutation of twelve output diodes. The diodes are 
connected in two full-wave bridges to produce the DC output. No interphase transformer is 
used in the circuit. 

Build-up excitation is provided to the generator exciter field through "residual magnetism" 
inherent in the generator. When the generator begins to produce its rated output, a portion of 
this output is used to supply the exciter field. 
inherent in the generator. When the generator 
this output is used to supply the exciter field. 

A small current transformer winding brought out through a rectifier bridge to the (E-) and 
(D) terminals provides an equalizing voltage for parallel generator operation. 
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Curvic Drive Spline 

The generator is equipped with a curvic drive spline which will accommodate a polyimide 
spline sleeve with a low coefficient of friction. The sleeve eliminates the metal to raeUd contact 
between drive members and smooths driving operations. 

Electronic Component« 100 Percent Tested 

All of the diodes and rectifiers used in the generator undergo audit procedures and 100 per- 
cent testing, including soak/bake cycles at hot and cold temperatures. 

These component« are mounted on an extruded aluminum heat sink which provides efficient 
transfer of dissipated heat to the cooling air stream. 

Solid Epoxy Insulating Material 

The generator windings are assembled and held together with welded stainless steel bands. 
The windings are insulated with 100 percent solid epoxy material which not only provides 
resistance to hydraulic fluids, fuels, and other solvents found in aircraft environments, but also 
provides the best possible heat transfer from the inner portion of the assembly. 

Generator Control Unit 

Bendix 25B12-3 Generator Control Unit is recommended for use with the 30B119-9. This 
GCU provides voltage regulation and over-voltage, and flywheel diode protection; it will an- 
nunciate faults and detects failed diodes in the generator. The 25B12-3 is described in 
Specification Sheet 79-180. 

Design Features 

• Brushles8 design provides long life and high MTBF—practically eliminates maintenance 
and overhaul. 

* Unit delivers full output at sea level and high altitudes—efficient fan supplies cooling air 
for ground operations and does not impair flow of blast air at higher altitudes. 

# Auxiliary bearing system takes over rotor load when main bearings show signs of malfunc- 
tioning. 

• Curvic drive spline with polyimide spline sleeve eliminates metal-to-metal contact. 
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Specifications 

Nominal Output—30 Volts, 300 Amperes 

Speed Range-4,000 to 10,000 RPM 

Mounting Flange—Conforms with AND 10262, Type X11A 

Spline & Adapter—Per MS 14169, Basic Size %-inch 

Weight—See Outline Drawing 

Auxiliary Bearing System 

A unique "bearing-failure sensing and auxiliary bearing system" is designed into the 
generator. The system detects main bearing failure and provides a means to prevent generator 
damage in the event of a bearing failure. 

The bearing failure sensing device and auxiliary bearing system consists of a small auxiliary 
bearing mounted on the generator shaft directly adjacent to the bearings at each end of the 
generator, together with insulated sensing circuits installed in the outer race support housing. 
Radial clearance of approximately .0025 inches is provided between the outer race of the aux- 
iliary bearing and its support surface so that in operation, the auxiliary bearing, as a unit, 
turns with the shaft and does not contact the stationary support. When the main bearings begin 
to wear or fail in any manner such that the shaft becomes displaced from its normal rotational 
center by .0025 inches, the outer race of the auxiliary bearing will contact its stationary sup- 
port surface. In doing so, the outer race of the bearing bridges the gap between the insulated 
detector ring and the adjacent steel surface of the support. This grounds the detector circuit 
thus closing an indicator light circuit and alerting the pilot to the fact that a main generator 
bearing is in process of failing. The sketch shows the arrangement of installing the detector cir- 
cuit in the stationary outer race support. 

The sensing circuit consists of a low-carbon steel punched ring installed in the outer race 
bearing support and insulated with Melamine glass washers and rings. A steel ring is shrunk 
into the main stationary ring and pressed firmly against the insulated detector ring assembly 
with appropriate staking at the outer edge to assure positive retention of the assembled parts. 

The auxiliary bearing is an extremely lightweight assembly with a 25-millimeter bore, an 
OD of 1.653 inches and a width of .354 inches. It is temperature stabilized, equipped with 
Viton seals and greased with DuPont Krytox AC high temperature grease. The combined 
weight of the auxiliary bearing' outer race support, indicator circuit and connecting leads does 
not exceed .25 lb per generator. 
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Advantages of the System 

a. Detection of a main bearing failure is indicated at an early stage. 

b. The system prevents disintegration of the main bearing and supports the rotor, thus, 
preventing the rotor rubbing the stator with resultant major damage. 

c. The system permits sufficient time for the pilot to take corrective action, de-energizing the 
generator and permits continued operation of the aircraft engine and/or the constant speed 
drive. 

d. The system permits re-energiiing the generator in the event of emergency and continued 
use of the generator on the auxiliary bearing. 

e. The system provides a means whereby the generators can be operated "on condition" 
rather than on a scheduled overhaul basis. 

f. An analysis of the cost per operating hour indicates that a reduction in cost to one-third 
(two-thirds reduction) can be obtained by the use of the Bearing Failure Sensing and Auxiliary 
Bearing, primarily in the reduction of scheduled overhauls and in the reduction in damage 
when generator bearings fail. 
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30B119-9 
Brush less DC Generator, 
300 Amps. 
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SENSING LEAD 

STATIONARY OUTER RACE SUPPORT 

INSULATED DETECTOR RING 

0.0025 IN. GAP 
AUXILIARY BEARING OUTER RACE 

AUXILIARY BEARING 

AUXILIARY BEARING AND DETECTOR CIRCUIT 
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APPENDIX G 

LOW-SPEED, HIGH-CURRENT TEST OF WESTINGHOUSE ALTERNATOR 
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LOW SPEED HIGH CURRENT TEST 
WESTINGHOUSE 500KVA 400HZ ALTERNATOR 
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